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ABSTRACT 
In this work we present the design and implementation of a Web-based application for remote access to the FPGA boards 
in a Digital Design Laboratory. It enables students from specialization courses to afford the design exercises at any place 
and time, even at home, just with an Internet access and a Web browser. At the same time, it opens the possibility of pro-
totyping small designs to the rest of students which have no access rights to the physical Laboratory. 
KEYWORDS 
FPGA, digital design, Web-based, remote laboratory, distance learning. 
1. INTRODUCTION 
Currently, there is a growing interest in the development of remote laboratories with teaching purposes. 
Some of them are based on allowing direct access to physical resources through the use of heavy connections, 
as is the case with VPN (Virtual Private Networks [Venkateswaran 2001]) or Windows XP Remote Desktop 
(e.g. [Hashemian 2007]). We use the heavy qualifier because the students get whole access to the computing 
resources of the Laboratory. 
Our main goal in this work is the implementation of a Web-based application for remote access to the 
FPGA 1 boards in a Digital Design Laboratory, similar to the approach taken by [Nelson 2006] for microwave 
engineering. This approach is light, in the sense that the client side needs no special software or rights to get 
use of an FPGA for a limited amount of time. Hence, the Lab resources can be made available to a greater 
number of students, while reducing risk of unauthorized actions, as they cannot make login to the computers. 
The existence of dedicated hardware (the FPGA board) makes the remote access more challenging, as 
there is a physical interaction between the student and on-board resources that must be offered on the client 
side. Therefore, our remote access application must provide input-output and monitoring for the peripherals 
available on the Lab board. 
The resulting application collects the information that flows between FPGA and available on-board pe-
ripherals to show it on the client side. Some of its capabilities are: 
− Configuration of available devices on the board. 
− Uploading of configuration bitstreams to the FPGAs. 
− Input and output of data for testing of designs. 
− Resource monitoring: displays and LEDs 2. 
− Driving of virtual switches and buttons. 
                                                 
1 Field-Programmable Gate Arrays (FPGAs) are reconfigurable devices that allow the implementation of custom hard-
ware to perform different tasks, as digital signal processing or embedded computing (e.g., see www.xilinx.com). 
2 Light-Emitting Diodes. 
Furthermore, all of these capabilities must be carried out transparently to the user of the FPGA and in 
real-time (mainly limited by network latency). To achieve these goals the application has been developed 
using a variety of different technologies (both hardware and software) and development environments 
(VHDL, C, PHP, JavaScript). 
2. TEACHING ENVIRONMENT AND MOTIVATION 
FPGA devices allow for a quick and easy implementation of small educational circuits at an affordable cost 
when teaching digital electronics. However, at ETSIT-UPM 3 it is not possible to set up a fully equipped 
Laboratory for the huge number of students taking the courses required to obtain the degree in Telecommuni-
cations Engineering 4. This is the case with DCSE (Design of Electronic Circuits and Systems), a required 
subject in the fourth course which must be followed by all the students (over 400). 
At the same time, the smaller number of students of specialization Labs, in the last year of the degree, 
usually combining different duties (both studies and first experiences in the industry), could benefit from 
extended timetable access to the resources, even preferably by working on the exercises from home. 
For both kinds of students, the availability of a Web-based application to allow remote interaction with an 
FPGA prototyping platform would be very valuable. With this approach, the limited resources of a speciali-
zation Laboratory can be used by a greater number of students at any time. Moreover, it encourages active 
learning, allowing students in theoretical subjects the possibility to experiment on real hardware by testing 
small designs from the material provided in their lectures. 
As an example, in the middle of the Electronic Engineering specialization, we have the optional subject 
LCSE (Laboratory for the Design of Electronic Circuits and Systems), where we teach Digital Design to a 
small group of students with the help of FPGAs as prototyping devices. The approach is composed of two 
parts: a first one as a series of guided exercises to learn VHDL basics, and a second one longer and project-
based, where the students design a whole system starting from given specifications. 
From opinion polling at the end of the course, we have some valuable results on students’ feedback. In 
general, they are very pleased with the approach taken in the Laboratory, and consider that it is interesting 
and useful for their professional future. They emphasize the following aspects: 
− Learning of VHDL and use of FPGAs. 
− Design-based approach of the subject, to get a final working system. 
− Application of formerly learned concepts to the design of a complex system. 
At the same time, they also consider very valuable the freedom in using the Lab resources and the possi-
bility of making the development by their own, as we do not impose a strict timetable for work, but only rec-
ommendations on intermediate dates to get partial goals. 
This consideration, together with the current availability of free design tools (e.g. ISE WebPACK from 
Xilinx [WebPACK]), has triggered us to start the development of a framework to provide access to the Lab 
FPGAs, so that specialization students (LCSE) can work on exercises even at home. At the same time, this 
opens the possibility of prototyping small designs to the rest of students (e.g. DCSE), which have no access 
rights to the physical Laboratory. 
3. SYSTEM DESCRIPTION 
Our specialization Laboratory (LCSE) is currently made of four Linux-based computers, each one equipped 
with software development tools (Xilinx ISE and Mentor ModelSim) and a XESS XSB-300E FPGA board 
[XESS] (see Figure 1) for testing the implemented exercises. This board was chosen because of its great inter-
facing capabilities and low cost. It is characterized by a high number of on-board peripherals that give the 
student an important potential when developing digital systems. 
 
                                                 
3 Escuela Técnica Superior de Ingenieros de Telecomunicación – Universidad Politécnica de Madrid. 
4 This is a 5-year degree given at ETSIT-UPM (www.etsit.upm.es). 
 
Figure 1. XESS XSB-300E FPGA development board and list of capabilities. 
3.1. Interfacing with FPGA boards 
In the first development stage of the Web-based application, only some of the board resources have been 
pushed to remote access from the students. They are input-output user-interaction devices (DIP switch, LED 
digits and LED bargraph) and SRAM. The first resources allow the student finding out easily that he/she has 
some control over the FPGA, while the SRAM memory opens the possibility to implement data processing 
applications. Figure 2 shows these elements within the whole framework of the remote access application. 
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Figure 2. Block diagram schematics of the Web-based remote access system. 
The XESS board has available a CPLD hardware device for auxiliary operations, such as FPGA bitstream 
uploading or RAM data up and downloading. We also make use of that component to emulate the function of 
switches as inputs to the FPGA and monitor the state of LEDs. During remote access, the switches are dis-
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abled from manual action from a local user, as they are under control of the CPLD. Communication between 
board and host computer is made by means of the parallel port. 
Other board resources are not directly available to the CPLD (e.g. the audio codec), so that it is necessary 
to develop specific hardware wrappers for the FPGA code to be able to interact with them through the paral-
lel port. The goal is getting this task done in a way as transparent as possible to the student. 
3.2. Architecture of the remote application 
Each host computer is a Linux-based platform which runs a Web server to provide remote access, while in-
terfacing with the board by several external programs or drivers, some of them taken from utilities provided 
by XESS (board testing, FPGA bitstream uploading, RAM data management and clock setting) and others 
specifically written using the C language to interact with monitor hardware in the CPLD. 
The Web server makes use of all the available resources through the use of PHP application code. In 
[Nelson 2006] they use server programming (PHP) to make complex calculations available to the client side, 
while we use the same technique to allow interacting with the prototyping hardware. 
There are several desks available in the Laboratory, so that a new computer has been set up within the 
same LAN to provide a single interface to the outside world. This is also a Linux-based machine running a 
Web server, with the following tasks: 
− Access control, to restrict the use of the system only to registered students. 
− Load distribution, to redirect each student to a free place or reject the request for remote access. 
− Reverse proxy, to route incoming traffic to the corresponding host computer and FPGA board. 
Only one client will be granted access to each prototyping board at any given time, so that neither FPGA 
nor on-board peripheral devices can be shared between remote users. 
As one of our first goals, the requirements are the minimum on the client side, only a Web browser. In 
this case, the application is based on AJAX (Asynchronous JavaScript and XML) [AJAX], a development 
technique conceived to create interactive Web applications, usually based on JavaScript. It allows partial re-
loading of Web pages, such that the final HTML code is produced locally, thus avoiding the need for com-
plete reloading and increasing speed and interactivity. 
Figure 3 shows a Web page which provides remote access to one of the prototyping boards. It is horizon-
tally divided into two parts. At the right, there are resources to operate with the on-board user-interaction 
devices (DIP switch, pushbuttons, LED digits and LED bargraph). At the left, the interface makes available 
some additional components to allow testing the board, uploading configuration bitstreams to the FPGA and 
CPLD, uploading data to the SRAM, manually refreshing the display, etc. 
 
 
Figure 3. Internet browser running an example session in the client side. 
4. CONCLUSION 
In this paper we have described the motivation and technical details of a Web-based framework to provide 
remote access to an FPGA Laboratory with teaching purposes. The emphasis has been made twofold: reduc-
ing the resources needed at the client side and avoiding the use of VPN-like connections, so that a Web 
browser is enough. In this way, the framework will be useful for a great number of students, in different 
courses and subjects. To achieve these goals the application has been developed using a variety of technolo-
gies (both hardware and software) and development environments (VHDL, C, PHP, JavaScript). 
Currently, the first development stage has finished and testing begins. A crucial task has been the imple-
mentation of the communication drivers between host computers and FPGA boards, to allow interaction with 
on-board peripherals in a transparent way for the students. Replacement of the drivers will allow adapting the 
whole system to new boards, while reusing most of the PHP and JavaScript codes. 
The final assessment of the Web application will be performed beginning from the next academic year, 
and based on data obtained from real experience with students, through: 
− Automatic collection of statistical information about resource usage. 
− Anonymous opinion polling made among users. 
Future work will include extending the set of on-board resources that are offered to the remote user, and 
elaborating additional material for self-teaching [Boluda 2006], so that the students can better acquire practi-
cal design skills when working away from the classroom. 
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